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(57) ABSTRACT

A cell structure of a non-volatile memory is provided. The
cell structure includes a first metal layer, a first dielectric
layer, a first material layer, a second material layer, a first
transition layer, a second metal layer, a second dielectric
layer, a third material layer, a fourth material layer, a second
transition layer, and a third metal layer. The first dielectric
layer has a first via, and the first metal layer is exposed
through the first via. The first material layer and the second
material layer are reacted with each other to form the first
transition layer. The second dielectric layer has a second via,
and the second metal layer is exposed through the second via.
The third material layer and the fourth material layer are
reacted with each other to form the second transition layer.

22 Claims, 6 Drawing Sheets
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1
CELL STRUCTURE OF RESISTIVE
NON-VOLATILE MEMORY AND
MANUFACTURING METHOD THEREOF

This application claims the benefit of Taiwan Patent Appli-
cation No. 103111771, filed Mar. 28, 2014, the subject matter
of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a memory and a manufac-
turing method thereof, and more particularly to a cell struc-
ture of a resistive non-volatile memory and a manufacturing
method thereof.

BACKGROUND OF THE INVENTION

As is well known, a non-volatile memory is able to con-
tinuously retain data after the supplied power is interrupted. A
flash memory is one of the most popular non-volatile memo-
ries. Generally, each storage cell of the flash memory has a
floating gate transistor. The storing status of the floating gate
transistor may be determined according to the amount of the
stored charges.

Recently, a novel non-volatile memory with a resistive
element as the main storage element has been introduced into
the market. This non-volatile memory is also referred as a
resistive random access memory (RRAM).

FIG. 1 is a schematic cross-sectional view illustrating a
conventional non-volatile memory with a resistive element.
This non-volatile memory is disclosed in U.S. Pat. No. 8,107,
274 for example. As shown in FIG. 1, the non-volatile
memory 300 has a (1T+1R) cell. The term “17T” denotes one
transistor. The term “1 R” denotes one resistor. That is, the
non-volatile memory 300 comprises a transistor 310 and a
resistive element 320. The resistive element 320 is connected
to the transistor 310. In addition, the resistive element 320 is
a variable and reversible resistive element.

The transistor 310 comprises a substrate 318, a gate dielec-
tric layer 313, a gate electrode 312, a first source/drain region
314, a second source/drain region 316, and a spacer 319.

The resistive element 320 comprises a transition metal
oxide layer 110, a dielectric layer 150, and a conductive plug
module 130. The dielectric layer 150 is formed on the first
source/drain region 314. The conductive plug module 130 is
disposed on the transition metal oxide layer 110.

The conductive plug module 130 comprises a metal plug
132 and a barrier layer 134. The metal plug 132 is vertically
disposed over the transition metal oxide layer 110, and elec-
trically connected with the transition metal oxide layer 110.
The barrier layer 134 is arranged around the metal plug 132.
The transition metal oxide layer 110 is formed by reacting a
portion of the dielectric layer 150 with the barrier layer 134.
The transition metal oxide layer 110 is capable of changing
resistance.

Since the transistor 310 occupies the layout area of the
substrate, the cell density of the (1T+1R) cells of the non-
volatile memory 300 is relatively lower.

Therefore, there is a need of providing a non-volatile
memory with high cell density in order to overcome the
problems of the conventional technology.

SUMMARY OF THE INVENTION

An embodiment of the present invention provides a cell
structure of a non-volatile memory. The cell structure
includes a first metal layer, a first dielectric layer, a first
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material layer, a second material layer, a first transition layer,
a second metal layer, a second dielectric layer, a third material
layer, a fourth material layer, a second transition layer, and a
third metal layer. The first dielectric layer is disposed over the
first metal layer. The first dielectric layer has a first via, and
the first metal layer is exposed through the first via. The first
material layer is formed on an inner surface of the first via.
The second material layer is formed on the first material layer.
The first transition layer is contacted with the first metal layer.
The first material layer and the second material layer are
reacted with each other to form the first transition layer. The
second metal layer is formed within the first via and contacted
with the first transition layer. The second dielectric layer is
disposed over the second metal layer and the first dielectric
layer. The second dielectric layer has a second via, and the
second metal layer is exposed through the second via. The
third material layer is formed on an inner surface of the
second via. The fourth material layer is formed on the second
material layer. The second transition layer is contacted with
the second metal layer. The third material layer and the fourth
material layer are reacted with each other to form the second
transition layer. The third metal layer is formed within the
second via and contacted with the second transition layer.

Another embodiment of the present invention provides a
method for manufacturing a cell structure of a non-volatile
memory. Firstly, a first metal layer is provided. A first dielec-
tric layer is formed over the first metal layer. A first via is
formed in the first dielectric layer, wherein the first metal
layer is exposed through the first via. A first material layer is
formed on an inner surface of the first via and the exposed first
metal layer. A second material layer is formed on the first
material layer. A second metal layer is filled into the first via.
A second dielectric layer is formed over the second metal
layer and the first dielectric layer. A second via is formed in
the second dielectric layer, wherein the second metal layer is
exposed through the second via. A third material layer is
formed on an inner surface of the second via and the exposed
second metal layer. A fourth material layer is formed on the
third material layer. A third metal layer is filled into the
second via. The first material layer and the second material
layer in the first via are reacted with each other to form a first
transition layer, and the third material layer and the fourth
material layer in the second via are reacted with each other to
form a second transition layer.

Numerous objects, features and advantages of the present
invention will be readily apparent upon a reading of the fol-
lowing detailed description of embodiments of the present
invention when taken in conjunction with the accompanying
drawings. However, the drawings employed herein are for the
purpose of descriptions and should not be regarded as limit-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more readily apparent to those ordinarily skilled
in the art after reviewing the following detailed description
and accompanying drawings, in which:

FIG. 1 (prior art) is a schematic cross-sectional view illus-
trating a conventional non-volatile memory with a resistive
element;

FIGS. 2A~2] schematically illustrate a method of manu-
facturing a cell structure of a resistive non-volatile memory
and an equivalent circuit of the cell structure according to an
embodiment of the present invention; and
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FIGS. 3A~3D schematically illustrate a method of manu-
facturing a cell array of a resistive non-volatile memory and
an equivalent circuit of the cell array according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention provides a cell structure of a resistive
non-volatile memory and a manufacturing method thereof.
The resistive non-volatile memory has a (1D+1R) cell. The
term “1 D” denotes one diode. The term “1 R” denotes one
resistor. That is, the resistive non-volatile memory comprises
adiode and a resistive element. Since plural cell structures are
arranged in a three-dimensional configuration, the cell den-
sity of the resistive non-volatile memory is increased. The
concepts of the present invention will be illustrated as fol-
lows.

FIGS. 2A~2] schematically illustrate a method of manu-
facturing a cell structure of a resistive non-volatile memory
and an equivalent circuit of the cell structure according to an
embodiment of the present invention. In FIGS. 2A~2E, the
steps of forming the resistive element are shown. In FIGS.
2F~2H, the steps of forming the diode are shown.

Please refer to FIG. 2A. Firstly, a first metal layer 510 is
provided, and a first dielectric layer 512 with a thickness h1 is
formed on a first surface of the first metal layer 510. For
example, the first dielectric layer 512 is an inter-metal dielec-
tric layer (also referred as an IMD layer). In addition, the first
dielectric layer 512 is made of silicon dioxide (SiO,). Then,
an etching process is performed to define a first via in the first
dielectric layer 512, wherein the first via has a width wl. In
addition, the first metal layer 510 is exposed through the first
via. Generally, the cell structure of the present invention is
formed on a semiconductor substrate. Moreover, the first
metal layer 510 is a metal line and arranged along a first
direction. The first metal layer 510 is made of copper, alumi-
num or tungsten.

Then, as shown in FIG. 2B, an additional etching process is
performed to partially remove the first dielectric layer 512
near an upper portion of the first via. Consequently, the width
of the upper portion of the first via is larger than w1.

Then, as shown in FIG. 2C, a second dielectric layer 513 is
formed on the inner surface of the first via, the top surface of
the first metal layer 510 and the top surface of the first dielec-
tric layer 512. Then, a first barrier layer 514 is formed on the
second dielectric layer 513. The material of the second dielec-
tric layer 513 is identical to the material of the first dielectric
layer 512. The first barrier layer 514 is made of Hf, HfOx,
HfOxNy, Mg, MgOx, MgOxNy, NiOx, NiOxNy, TaOxNy,
Ta, TaOx, TaNx, W, WOx, WNx, WOxNy, TiOxNy, Ti, TiOx
or TiNx. It is noted that the sequence of forming the second
dielectric layer 513 and the first barrier layer 514 is not
restricted. For example, in some other embodiments, the first
barrier layer is firstly formed on the inner surface of the first
via, the top surface of the first metal layer 510 and the top
surface of the first dielectric layer 512, and then the second
dielectric layer is formed on the first barrier layer.

Then, as shown in FIG. 2D, a second metal layer 516 is
formed on the first barrier layer 514 and filled in the first via.
The second metal layer 516 is made of copper, aluminum or
tungsten.

Then, as shown in FIG. 2E, a chemical mechanical polish-
ing (CMP) process or an etching process is performed to
partially remove the second metal layer 516, the first barrier
layer 514 and the second dielectric layer 513. Consequently,
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the top surfaces of the second metal layer 516, the first barrier
layer 514, the second dielectric layer 513 and the first dielec-
tric layer 512 are flattened.

Since the second dielectric layer 513 and the first barrier
layer 514 are directly formed on the inner surface of the first
via, the thicknesses of the second dielectric layer 513 and the
first barrier layer 514 can be precisely controlled.

The following procedures are similar to those of FIGS.
2A-2E. As shown in FIG. 2F, a third dielectric layer 522 with
athickness h2 is formed on the top surface of the second metal
layer 516 and the top surface of the first dielectric layer 512.
The third dielectric layer 522 is also an inter-metal dielectric
layer (also referred as an IMD layer). In addition, the third
dielectric layer 522 is made of silicon dioxide (SiO,). Then,
an etching process is performed to define a second via in the
third dielectric layer 522, wherein the second via has a width
w2. In addition, the second metal layer 516 is exposed
through the first via.

Then, as shown in FIG. 2G, an additional etching process is
performed to partially remove the second dielectric layer 522
near an upper portion of the second via. Consequently, the
width of the upper portion of the second via is larger than w2.
Then, a fourth dielectric layer 523 and a second barrier layer
524 are sequentially formed on the inner surface of the second
via and the top surface of the third dielectric layer 522. The
material of the fourth dielectric layer 523 is identical to the
material of the third dielectric layer 522. The second barrier
layer 524 is made of Hf, HfOx, HfOxNy, Mg, MgOx,
MgOxNy, NiOx, NiOxNy, TaOxNy, Ta, TaOx, TaNx, W,
WOx, WNx, WOxNy, TiOxNy, Ti, TiOx or TiNx. It is noted
that the sequence of forming the fourth dielectric layer 523
and the second barrier layer 524 is not restricted. For
example, in some other embodiments, the second barrier
layer is firstly formed on the inner surface of the second via,
the top surface of the second metal layer 516 and the top
surface of the third dielectric layer 522, and then the fourth
dielectric layer is formed on the second barrier layer. Then, a
third metal layer 526 is formed on the second barrier layer 524
and filled in the second via. The third metal layer 526 is made
of copper, aluminum or tungsten.

Then, as shown in FIG. 2H, a chemical mechanical polish-
ing (CMP) process or an etching process is performed to
partially remove the third metal layer 526, the second barrier
layer 524 and the fourth dielectric layer 523. Consequently,
the top surfaces of the third metal layer 526, the second barrier
layer 524 and the fourth dielectric layer 523 are flattened.
Moreover, the third metal layer 526 within the second viais a
metal line and arranged along a second direction, wherein the
first direction and the second direction are perpendicular to
each other.

Similarly, since the fourth dielectric layer 523 and the
second barrier layer 524 are directly formed on the inner
surface of the first via, the thicknesses of the fourth dielectric
layer 523 and the second barrier layer 524 can be precisely
controlled.

After a specified reaction is carried out, the single cell
structure of the resistive non-volatile memory is produced.
The cell structure is shown in FIG. 2I. By this reaction, the
second dielectric layer 513 and the first barrier layer 514 at the
bottom of the first via are reacted with each other to form a
first transition layer 518, and the fourth dielectric layer 523
and the second barrier layer 524 at the bottom of the second
via are reacted with each other to form a second transition
layer 528. In this embodiment, the first transition layer 518
may be considered as a resistive element, and the second
transition layer 528 may be considered as a diode. Moreover,
each of the first transition layer 518 and the second transition
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layer 528 is made of HfOx, HfOxNy, MgOx, MgOxNy,
NiOx, NiOxNy, TaOxNy, TaOx, TaNx, W, WOx, WNXx,
WOxNy, TiOxNy, TiOx or TiNx. Among these materials,
HfOx, MgOx, NiOx, TaOx and TiOx are transition metal
oxides, TaNx and TiNx are transition metal nitrides, and
HfOxNy, MgOxNy, NiOxNy, TaOxNy and TiOxNy are tran-
sition metal nitrogen oxide dielectric materials.

From the above embodiments, the thicknesses of the sec-
ond dielectric layer 513, the first barrier layer 514, the fourth
dielectric layer 523 and the second barrier layer 524 can be
precisely controlled. Consequently, each of the first transition
layer 518 and the second transition layer 528 may be designed
as the diode or the resistive element. That is, by controlling
the thicknesses, the first transition layer 518 and the second
transition layer 528 are respectively formed as the resistive
element and the diode, or the first transition layer 518 and the
second transition layer 528 are respectively formed as the
diode and the resistive element.

FIG. 2] schematically illustrates an equivalent circuit of the
cell structure of the resistive non-volatile memory according
to the embodiment of the present invention. The first metal
layer 510 is the metal line arranged along the first direction. In
addition, the first metal layer 510 is used as a bit line. The third
metal layer 526 is the metal line arranged along the second
direction. In addition, the third metal layer 526 is used as a
word line. The first transition layer 518 (e.g. the resistive
element), the second metal layer 516 and the second transi-
tion layer 528 (e.g. the diode) of the cell structure 530 are
vertically arranged between the first metal layer 510 and third
metal layer 526. The resistive element 518 is arranged
between the first metal layer 510 and the second metal layer
516. The diode 528 is arranged between the second metal
layer 516 and the third metal layer 526. It is noted that numer-
ous modifications and alterations may be made while retain-
ing the teachings of the invention. For example, in some other
embodiments, the diode is arranged between the first metal
layer and the second metal layer, and the resistive element is
arranged between the second metal layer and the third metal
layer.

Moreover, by providing a specified voltage and/or a speci-
fied current to the region between the word line and the bit
line, the resistance value of the resistive element 518 of the
cell structure 530 may be set or reset. For example, during a
program cycle, a set voltage Vset (e.g. 3V) is provided to the
region between the word line and the bit line. Consequently,
the resistive element 518 is in a set status (or a first storing
status), and the resistive element 518 has a low resistance
value. When a reset voltage Vreset (e.g. 1V) and a rest current
Ireset (e.g. 10 pA) are provided to the region between the
word line and the bit line, the resistive element 518 is in a reset
status (or a second storing status). Under this circumstance,
the resistive element 518 has a high resistance value.

After the program cycle, the resistive element may be
programmed to have the set status (or the first storing status)
or the reset status (or the second storing status). During a read
cycle, only a small read voltage Vread (e.g. 0.4V) is provided
to the region between the word line and the bit line. According
to the magnitude of the corresponding read current (or the cell
current), the storing status of the cell structure can be realized.
In other words, the cell structure of the resistive non-volatile
memory can be selectively in the first storing status or the
second storing status.

The above descriptions are related to the fabrication of a
single cell structure. It is noted that a cell array composed of
plural cell structures may be manufactured by repeatedly
performing the above procedures.
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FIGS. 3A~3D schematically illustrate a method of manu-
facturing a cell array of a resistive non-volatile memory and
an equivalent circuit of the cell array according to an embodi-
ment of the present invention. The detailed procedures of
manufacturing the resistive element and the diode are similar
to those of FIGS. 2A~2H, and are not redundantly described
herein.

Firstly, as shown in FIG. 3A, a first metal layer is provided.
The first metal layer comprises plural metal lines BL.O and
BL1, which are arranged along a first direction. Moreover, the
plural metal lines BLO and BLL1 may be used as bit lines.
Moreover, the plural metal lines BLO and BL1 are formed on
a surface of a substrate (not shown).

Then, the procedures of fabricating resistive elements and
diodes are sequentially performed. Consequently, as shown
in FIG. 3B, plural cell structures are formed on the plural
metal lines BL0O and BL1.

For example, the cell structures C0, C1 and C2 are formed
onthe metal line BLO. In the cell structure CO0, a first end of the
resist element is connected to the metal line BLO, a second
end of the resist element is connected to a node p, a first end
of'the diode is connected to the node p, and a second end of the
diode is connected to the metal line WL0. In the cell structure
(1, a first end of the resist element is connected to the metal
line BL0, a second end of the resist element is connected to a
node q, a first end of the diode is connected to the node q, and
a second end of the diode is connected to the metal line WL1.
In the cell structure C3, a first end of the resist element is
connected to the metal line BLO0, a second end of the resist
element is connected to a node r, a first end of the diode is
connected to the node r, and a second end of the diode is
connected to the metal line WL2. The nodes p, q and r of these
cell structures C0-C2 are located at a second metal layer.

Please refer to FIG. 3B again. The plural metal lines WL0,
WL1 and WL2 are arranged along a second direction. In
addition, the plural metal lines WL0O, WL.1 and WL2 may be
used as word lines. Moreover, the plural metal lines WLO0,
WL1 and WL2 are located at the same layer (i.e. a third metal
layer). The first direction and the second direction are per-
pendicular to each other.

Then, the procedures of fabricating resistive elements and
diodes are sequentially performed. Consequently, as shown
in FIG. 3C, plural cell structures are formed on the plural
metal lines WLO, WL1 and WL2 of the third metal layer.

For example, the cell structures C3, C4 and C5 are formed
on the metal lines WL0, WL1 and WL2, respectively. In the
cell structure C3, a first end of the diode is connected to the
metal line WL0, a second end of the diode is connected to a
node X, a first end of the resistive element is connected to the
node x, and a second end of the resistive element is connected
to the metal line BL2. In the cell structure C4, a first end of the
diode is connected to the metal line WL1, a second end ofthe
diode is connected to a node vy, a first end of the resistive
element is connected to the node y, and a second end of the
resistive element is connected to the metal line BL2. In the
cell structure C5, a first end of the diode is connected to the
metal line WL2, a second end of the diode is connected to a
node z, a first end of the resistive element is connected to the
node z, and a second end of the resistive element is connected
to the metal line BL2. The nodes x, y and z of these cell
structures C3~C5 are located at a fourth metal layer.

Please refer to FIG. 3C again. The plural metal lines BL.2
and BL3 are arranged along the first direction. In addition, the
plural metal lines BL.2 and BL.3 may be used as the bit lines.
Moreover, the plural metal lines BL.2 and BL3 are located at
the same layer (i.e. a fifth metal layer).
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The procedures as shown in FIGS. 3B and 3C may be
repeatedly done. Consequently, more cell structures are fur-
ther stacked as the resulting structure of FIG. 3D. That is,
plural cell structures are further defined by the plural metal
lines WL3, WL4 and WL5 along the second direction and the
plural metal lines BL4 and BL5 along the first direction. The
procedures of fabricating these cell structures are similar to
those of FIGS. 3B and 3C, and are not redundantly described
herein.

Then, the above stack structure is placed into a reaction
chamber. After the temperature of the reaction chamber is
increased to a reaction temperature, a reaction is carried out.
By this reaction, the dielectric layers and the corresponding
barrier layers of the stack structure are reacted with each other
to form transition layers. Meanwhile, the cell array of the
resistive non-volatile memory is produced.

The operating principles of the cell array of the resistive
non-volatile memory during the program cycle and the read
cycle are similar to those of the single cell structure, and are
not redundantly described herein.

From the above descriptions, the present invention pro-
vides a resistive non-volatile memory, a cell structure, and a
manufacturing method thereof. Since the cell structure has
the (1D+1R) configuration, plural cell structures can be
arranged in a three-dimensional configuration. Under this
circumstance, the cell density of the resistive non-volatile
memory is increased.

Moreover, the resistive element and the diode of each cell
structure are serially connected between two metal lines. It is
noted that the sequence of forming the resistive element and
the diode is not restricted. For example, in an embodiment,
the diode is formed after the formation of the resistive ele-
ment. Alternatively, in another embodiment, the resistive ele-
ment is formed after the formation of the diode.

Moreover, the magnitudes of the set voltage Vset, the reset
voltage Vreset, the reset current Ireset and the read current
Vread are not restricted. However, the magnitudes of the set
voltage, the reset voltage, the reset current and the read cur-
rent may be varied by those skilled in the art. In addition, the
set voltage, the reset voltage, the reset current and the read
current are applied to the program cycle and the read cycle of
the resistive non-volatile memory.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A cell structure of a non-volatile memory, the cell struc-
ture comprising:

a first metal layer;

a first dielectric layer disposed over the first metal layer,
wherein the first dielectric layer has a first via, and the
first metal layer is exposed through the first via;

a first material layer formed on an inner surface of the first
via;

a second material layer formed on the first material layer;

a first transition layer contacted with the first metal layer,
wherein the first material layer and the second material
layer are reacted with each other to form the first transi-
tion layer;

a second metal layer formed within the first via and con-
tacted with the first transition layer;
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a second dielectric layer disposed over the second metal
layer and the first dielectric layer, wherein the second
dielectric layer has a second via, and the second metal
layer is exposed through the second via;

a third material layer formed on an inner surface of the
second via;

a fourth material layer formed on the second material layer;

a second transition layer contacted with the second metal
layer, wherein the third material layer and the fourth
material layer are reacted with each other to form the
second transition layer; and

a third metal layer formed within the second via and con-
tacted with the second transition layer.

2. The cell structure as claimed in claim 1, wherein one of
the first transition layer and the second transition layer is a
resistive element, and the other of the first transition layer and
the second transition layer is a diode.

3. The cell structure as claimed in claim 2, wherein the
resistive element has a low resistance value in a set status, and
the resistive element has a high resistance in a reset status.

4. The cell structure as claimed in claim 1, wherein the first
material and the second material layer are a third dielectric
layer and a first barrier layer, respectively, or the first material
and the second material layer are the first barrier layer and the
third dielectric layer, respectively.

5. The cell structure as claimed in claim 4, wherein the third
material and the fourth material layer are a fourth dielectric
layer and a second barrier layer, respectively, or the third
material and the fourth material layer are the second barrier
layer and the fourth dielectric layer, respectively.

6. The cell structure as claimed in claim 5, wherein each of
the first barrier layer and the second barrier layer is made of
Hf, HfOx, HfOxNy, Mg, MgOx, MgOxNy, NiOx, NiOxNy,
TaOxNy, Ta, TaOx, TaNx, W, WOx, WNx, WOxNy, TiOxNy,
Ti, TiOx or TiNx.

7. The cell structure as claimed in claim 5, wherein each of
the third dielectric layer and the fourth dielectric layer is made
of'silicon dioxide.

8. The cell structure as claimed in claim 1, wherein each of
the first transition layer and the second transition layer is
made of HfOx, HfOxNy, MgOx, MgOxNy, NiOx, NiOxNy,
TaOxNy, TaOx, TaNx, W, WOx, WNx, WOxNy, TiOxNy,
TiOx or TiNx.

9. The cell structure as claimed in claim 1, wherein the first
metal layer further comprises a first metal line, and the third
metal layer further comprises a second metal line, wherein the
first metal line is arranged along a first direction and contacted
with the first transition layer, and the second metal line is
arranged along a second direction, disposed within the second
via and contacted with the second transition layer.

10. The cell structure as claimed in claim 9, wherein the
first direction and the second direction are perpendicular to
each other.

11. The cell structure as claimed in claim 1, wherein each
of the first metal layer, the second metal layer and the third
metal layer is made of copper, aluminum or tungsten.

12. A method for manufacturing a cell structure of a non-
volatile memory, the method comprising steps of:

providing a first metal layer;

forming a first dielectric layer over the first metal layer;

forming a first via in the first dielectric layer, wherein the
first metal layer is exposed through the first via;

forming a first material layer on an inner surface of the first
via and the exposed first metal layer;

forming a second material layer on the first material layer;

filling a second metal layer into the first via;
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forming a second dielectric layer over the second metal

layer and the first dielectric layer;

forming a second via in the second dielectric layer, wherein

the second metal layer is exposed through the second
via;

forming a third material layer on an inner surface of the

second via and the exposed second metal layer;
forming a fourth material layer on the third material layer;
filling a third metal layer into the second via; and
allowing the first material layer and the second material
layer in the first via to be reacted with each other to form
a first transition layer, and allowing the third material
layer and the fourth material layer in the second via to be
reacted with each other to form a second transition layer.

13. The method as claimed in claim 12, wherein one of the
first transition layer and the second transition layer is a resis-
tive element, and the other of the first transition layer and the
second transition layer is a diode.

14. The method as claimed in claim 13, wherein the resis-
tive element has a low resistance value in a set status, and the
resistive element has a high resistance in a reset status.

15. The method as claimed in claim 12, wherein the first
material and the second material layer are a third dielectric
layer and a first barrier layer, respectively, or the first material
and the second material layer are the first barrier layer and the
third dielectric layer, respectively.

16. The method as claimed in claim 15, wherein the third
material and the fourth material layer are a fourth dielectric
layer and a second barrier layer, respectively, or the third
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material and the fourth material layer are the second barrier
layer and the fourth dielectric layer, respectively.

17. The method as claimed in claim 16, wherein each ofthe
first barrier layer and the second barrier layer is made of Hf,
HfOx, HfOxNy, Mg, MgOx, MgOxNy, NiOx, NiOxNy,
TaOxNy, Ta, TaOx, TaNx, W, WOx, WNx, WOxNy, TiOxNy,
Ti, TiOx or TiNx.

18. The method as claimed in claim 16, wherein each ofthe
third dielectric layer and the fourth dielectric layer is made of
silicon dioxide.

19. The method as claimed in claim 12, wherein each of the
first transition layer and the second transition layer is made of
HfOx, HfOxNy, MgOx, MgOxNy, NiOx, NiOxNy, TaOxNy,
TaOx, TaNx, W, WOx, WNx, WOxNy, TiOxNy, TiOx or
TiNx.

20. The method as claimed in claim 12, wherein the first
metal layer further comprises a first metal line, and the third
metal layer further comprises a second metal line, wherein the
first metal line is arranged along a first direction and contacted
with the first transition layer, and the second metal line is
arranged along a second direction, disposed within the second
via and contacted with the second transition layer.

21. The method as claimed in claim 20, wherein the first
direction and the second direction are perpendicular to each
other.

22. The method as claimed in claim 12, wherein each ofthe
first metal layer, the second metal layer and the third metal
layer is made of copper, aluminum or tungsten.
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